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C
hronic HCV infection affects up to 185 million people worldwide, (1) making its prevention and associated disease burden a major public health issue. Individuals with HCV cirrhosis have up to an 8% annual risk of developing HCC, (2) and liver cancer is now the fourth leading cause of cancer-related death in the world. (3) In 2015, HCV was responsible for 21% of global deaths related to liver cancer and 31% of North American deaths related to liver cancer. (4) Consequently, preventing liver disease progression among individuals with HCV is critical to reducing HCC incidence and mortality.
The use of DAA therapy has improved HCV cure rates, with over 92% SVR rates at 12 weeks posttherapy for most HCV genotypes. (5) However, the risk of liver disease progression and HCC, although reduced, are not eliminated after achieving SVR. Recent data from Australia and Spain found that rates of fibrosis progression and cirrhosis were significantly lower (2%-7% versus 28%-30%) among patients who achieved SVR after HCV therapy compared to nonresponders after 10-12 years of follow-up. (6, 7) Nevertheless, patients with HCV cirrhosis continue to have a 2% annual risk of disease progression after SVR. (8) Likewise, after interferon-based therapy, the risk of developing HCC was reduced but persistent at 1.5%-5%. (9, 10) Large cohort studies of U.S. veterans have since found that this risk of HCC is no different after DAA therapy, although achieving SVR does reduce the absolute risk of HCC by 70%. (11, 12) Thus, given the persistent risk of disease progression and HCC even after HCV cure in those with advanced liver disease, the European Association for the Study of the Liver and American Association for the Study of Liver Diseases have recommended ongoing post-SVR disease monitoring that includes HCC screening using ultrasounds at 6-month intervals among patients with advanced fibrosis. (13, 14) Expert opinion has also recommended ongoing clinic visits every 3-6 months for close follow-up. (15) The availability of the recent post-SVR monitoring guidelines has therefore provided an opportunity for enhanced monitoring practices in HCV care. However, there may be barriers to adhering to these guidelines in certain populations. In the United States, underserved patient populations are disproportionately affected by HCV and face high rates of coexisting mental health and substance use. (16, 17) Recommended disease monitoring, such as laboratory testing, clinic visits, and imaging studies for HCC screening, may be particularly challenging in this population despite high SVR rates of 97% using DAA therapies, similar to reports from other HCV populations. (18) To date, there are limited data on current post-SVR monitoring and HCC screening practices in the DAA era, (19) and no data are available from potentially difficult to engage and underserved populations. Thus, in this study, we aimed to address this gap by characterizing and evaluating current liver disease monitoring practices in a cohort of underserved patients infected with HCV who achieved SVR after DAA therapy.
Patients and Methods

patients anD outComes
Records of all patients with HCV infection who had achieved SVR with DAA therapy at the San Francisco safety-net health care system liver specialty clinic between January 2014 and January 2016 were reviewed. Data was collected through medical record review until September 2017 and included demographic, clinical (including medical and psychiatric comorbidities), and imaging studies. Patients with at least 1 year of post-SVR follow-up were included in data analyses and were categorized into having advanced or no advanced liver fibrosis prior to initiation of DAA therapy. Advanced fibrosis pretherapy was defined as F3 or F4 based on liver biopsy, FibroTest, or imaging studies confirming presence of cirrhosis. De novo HCC was defined as a new liver imaging reporting and data system (LI-RADS) 4-5 liver lesion on either magnetic resonance imaging (MRI) or computed tomography (CT) abdominal scan after receipt of HCV treatment. Post-SVR monitoring was captured and included clinic visits, laboratory testing, and imaging studies. Clinic visits included primary care and liver clinic visits. We defined timely laboratory monitoring as at least two or more ALT tests during the follow-up period. Timely liver imaging (or HCC screening for patients with advanced fibrosis) was defined as at least two or more liver imaging (ultrasound, CT abdomen, or MRI abdomen) during the follow-up period. Analysis 
Results
A total of 192 patients met the inclusion criteria for the study and were included in the analysis. The patients were followed for up to 38 months post-SVR with a median follow-up time of 22 months (IQR, 17-26.5 months Of the 192 patients, 113 (58.9%) patients had no advanced fibrosis while 79 (41.1%) patients had advanced fibrosis prior to HCV therapy. Pretherapy advanced fibrosis status was determined based on liver biopsy in 27.8% (n = 22), FibroTest in 10.1% (n = 8), and liver imaging in 62% (n = 49) of patients. Of the 79 patients with advanced fibrosis, 81% (n = 64) had cirrhosis; of these, 32.8% (n = 21) had liver decompensation and 14% (n = 9) had HCC pretherapy. Median post-SVR follow-up time was similar in those with or without advanced fibrosis (22 versus 21 months; P = 0.80). Patients with advanced fibrosis were older (median age, 60 versus 57; P = 0.007), had higher body mass index (BMI) levels (median, 28 versus 26; P = 0.004), and higher ALT levels (median, 71 versus 55; P = 0.036) than patients without advanced fibrosis (Table 1) .
post-sVR monitoRing anD liVeR imaging pRaCtiCes By FiBRosis stage
Patients with advanced fibrosis had a higher number of liver specialty clinic visits post-SVR than those without advanced fibrosis (mean, 1.94 ± 2.03 versus 1.12 ± 1.09 visits; P = 0.014), whereas the number of primary care clinic visits were similar in the two groups (mean, 5.62 ± 5.51 versus 5.26 ± 6.91 visits; P = 0.25) ( Table 2 ). However, there was no difference in the proportion of patients who received timely laboratory testing (at least two or more ALT tests, 72.2% versus 66.4%; P = 0.40) among those with and without advanced fibrosis. Approximately 41% of patients with advanced fibrosis received timely liver imaging (at least two or more during the follow-up period), but 10% of those without advanced fibrosis also received two or more liver imaging tests. Among a subgroup of patients with advanced fibrosis and at least 24 months of follow-up, 19.4% (n = 6) had at least four or more liver imaging tests.
Among patients with advanced fibrosis, 6.3% (n = 5) had no clinic visit (primary care or liver clinic), 7.6% (n = 6) had no ALT testing, and 20.3% (n = 16) had no liver imaging during the study period ( Fig. 1) . On the other hand, 35.4% (n = 40) of patients without advanced fibrosis had liver imaging during the study period.
FaCtoRs assoCiateD WitH laCK oF timely monitoRing anD HCC sCReening postsVR among patients WitH aDVanCeD FiBRosis
Among patients with advanced fibrosis, no demographic, medical or psychiatric comorbidity, or laboratory factors were significantly associated with either 
CliniCal outComes oF patients post-sVR
Of the 79 patients with advanced fibrosis pretherapy, 9 had a diagnosis of HCC prior to therapy, and of the remaining 70 patients without a history of HCC, 3 developed de novo HCC during the study follow-up period. All 3 patients with de novo HCC posttherapy had cirrhosis and were men; median age was 53 years (IQR, 48-72 years), 2 were White and 1 was Asian, 2 had a history of prior alcohol use, and 2 also had evidence of liver decompensation pretherapy. Additional patient comorbidities included 1 patient with diabetes, 2 with hypertension, and 1 with hyperlipidemia. The pretherapy HCV genotype assessment showed one case each of genotype 1, genotype 2, and genotype 3. None of the patients had HBV or HIV coinfections.
Among the 67 patients with advanced fibrosis without a diagnosis of HCC before or after therapy, 3% (n = 2) developed decompensated liver disease, while 7.5% (n = 5) died during the follow-up period. Only one death was due to further decompensation of liver disease. The other four deaths were due to pancreatic cancer, endocarditis, respiratory failure, and opiate overdose.
Discussion
This is the first study to evaluate post-SVR monitoring and liver imaging practices in an underserved HCV-infected population who achieved SVR after DAA therapy. We found that the majority of patients with advanced fibrosis underwent some form of clinical or laboratory monitoring post-SVR and, as suspected, received more frequent liver clinic follow-up and liver imaging than patients without advanced fibrosis. However, gaps in HCC screening and laboratory monitoring were also identified in that 20% of patients with advanced fibrosis did not have any liver imaging despite at least 12 months of follow-up and the frequency of laboratory monitoring was no different compared to those without advanced fibrosis. Furthermore, although routine imaging for patients without advanced fibrosis is not recommended, 35% of patients without advanced fibrosis received imaging during the study period. The reasons for these gaps in monitoring could not be ascertained, but aside from potential patient and provider factors, our findings may reflect changes in practice over time as more data on outcomes post-DAA therapy have become available in recent years. Nevertheless, three new cases of HCC were identified within our advanced fibrosis cohort despite a relatively short follow-up period, consistent with the known risk of disease progression and HCC even after HCV cure. Our findings corroborate the importance of recent recommendations for continued monitoring in this at-risk population. Future studies are needed to assess the impact of these enhanced monitoring guidelines on addressing gaps in post-SVR monitoring practices.
Recent practice guidelines and expert opinion recommend that patients with advanced fibrosis have clinic visits every 3-6 months and HCC screening every 6 months post-SVR. (13) (14) (15) In our study, patients with advanced fibrosis received more frequent liver clinic follow-up and a higher rate of liver imaging compared to patients without advanced fibrosis. Furthermore, 72% and 41% of patients with advanced fibrosis received timely ALT testing and HCC screening, respectively. However, 6.3% and 7.6% of our advanced fibrosis cohort did not receive any clinic follow-up (primary care or specialty care) and ALT testing, respectively. Overall, these rates are similar to posttherapy monitoring rates reported among patients with chronic hepatitis B. Wu et al. (20) found that 71% and 55% of patients with chronic hepatitis B received at least once yearly laboratory testing and HCC screening, respectively. Within our own health care system, a prior study found that 51% ‡ Two or more liver imaging during follow-up time, excludes pretherapy HCC (n = 9).
§ P < 0.05 considered significant.
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Medical comorbidities included diabetes, cardiac disease, hypertension, hyperlipidemia, chronic kidney disease, lung disease, non-HCC malignancy, and thyroid disorders.
of patients with chronic hepatitis B had received HCC screening within the year. (21) The rate of 20% without HCC screening in this HCV cohort, however, is higher than reported (10.2%) among patients with HBV. (22) While we did not identify any particular factor that was significantly related to the lack of timely clinic visits or laboratory testing, the presence of cirrhosis was associated with receiving timely HCC screening among patients with advanced fibrosis. Further studies are needed to evaluate the role of other unmeasured patient and any provider factors contributing to the lack of optimal monitoring post-SVR in HCV. Indeed, provider knowledge has been independently associated with suboptimal monitoring of patients in chronic HBV. (21, 22) Collectively, these data suggest that adherence to disease monitoring guidelines in viral hepatitis is suboptimal, and interventions including patient and provider education along with enhanced access to care and reduced barriers are likely needed to address these gaps.
Patient, provider, and health system factors are likely to influence health behavior, (23) and tailoring interventions specific to the needs of the underserved is especially paramount in modifying health behavior in this population. Underserved populations are at risk for health disparities, and potential barriers to care include the high prevalence of comorbid medical and psychiatric disorders, substance abuse, unstable housing, limited access to transportation, and low health literacy, among others. (24) (25) (26) Further, despite expansion of health insurance coverage as a result of health care reform, a recent report highlighted the ongoing challenge of integrating clinical services between the safety-net hospitals and their community health centers, making it difficult to deliver more efficient and effective care to this population. (27) Potential strategies and opportunities to enhance post-SVR care in the underserved are summarized in Fig. 2 . These strategies can be prioritized based on the practice setting and the underserved population accessing care in that setting. For example, in a previously implemented patient-centered intervention, formal patient education in this liver specialty clinic was shown to be effective in improving both HCV patient knowledge and management along with hepatitis C care coordination with primary providers. (28, 29) Based on our findings, this formal patient education was enhanced to further emphasize the importance of post-SVR follow-up and HCC screening. A similar patient-level strategy can easily be implemented both in the specialty and primary care setting in other safety-net health care systems. Providerlevel interventions are also critical; recent reports have shown that both primary care and hepatology providers perceive significant patient-level barriers, such as substance use disorders, mental health, and history of nonadherence, to influence HCV treatment initiation. (30) Such perceived barriers are especially common among the underserved population and may play a role in post-SVR management following receipt of therapy. Therefore, cultivating positive attitudes toward post-SVR monitoring among providers by reinforcing national guidelines and improving awareness of existing resources (e.g., integrated mental health and substance use treatment, use of existing health navigators and educators) can help promote improvement in post-SVR management practices. Targeting education toward interprofessional HCV care teams may also represent a potential provider-level facilitator to enhancing post-SVR monitoring and HCC screening. In a recent study, a 1-hour online HCV course provided education to a multidisciplinary team of health and social care workers, educators, and volunteers and enhanced their knowledge and ability to engage their clients in HCV care. (31) Such interventions along with provider education and the addition of post-SVR follow-up and HCC screening as clinic quality improvement measures in those with advanced liver disease will provide multilevel opportunities to improve adherence to post-SVR best practices. Finally, the integration of multiple strategies across systems, such as a comprehensive public health approach involving reimbursement, clinical guidelines, training, and prevention education, which has already been shown to enhance access to HCV care among injection drug users, may also represent system-level opportunities to enhance post-SVR care in the larger underserved population. (32) The importance of post-SVR monitoring is based on the persistent, albeit reduced, risk of developing HCC after HCV cure following treatment. Among 598 patients who had achieved SVR after interferon therapy in South Korea, the 5-year incidence of HCC was still 1.7%. (33) Similarly, another study of 1,094 patients found that the 5-year risk of HCC was as high as 22% among patients with advanced fibrosis. (34) With the availability of DAA therapies, additional studies have also assessed the risk of HCC in the DAA era. Initial smaller studies suggested surprisingly high rates of HCC at 5%-9% shortly after DAA therapy. (35, 36) More recent and larger studies, however, have shown that there is no difference in HCC risk between interferon and DAA therapies. (37) In a propensity score-matched study, the incidence and recurrence of HCC was not different between patients treated with interferon and interferon-free therapies. (38) In a larger retrospective study using the electronically retrieved cohort of HCV infected veterans (ERCHIVES) database, the HCC incidence was similar among patients with cirrhosis who had achieved SVR after either interferon or DAA therapy. (39) In our study, 70 of the 79 patients with advanced fibrosis did not have a diagnosis of HCC prior to therapy; of these 70 patients, 3 patients (4.3%) developed new HCC over a median follow-up of 22 months. This rate is similar to the 3.16% reported after 24 weeks post-SVR among patients with cirrhosis in Italy, (40) 4.1% after a median follow-up of 15 months post-SVR among patients with cirrhosis in Austria, (41) and 4.5% after a median follow-up of 23 months post-HCV treatment in patients with all levels of fibrosis in Japan. (42) Although our cohort size does not allow for evaluation of factors related to the development of HCC post-SVR per se, all 3 patients had cirrhosis prior to therapy, and 2 of these patients had decompensated disease and an abnormal metabolic profile, including diabetes, a known risk factor for HCC and HCC-related mortality. (43, 44) These findings further support the importance of monitoring for disease progression and HCC among patients with advanced fibrosis, particularly in those with additional risk factors. Prospective studies with longer follow-up durations after DAA therapy can help clarify the true risk of HCC post-SVR.
Our study was limited by its retrospective single-center design and sample size. The data should also be interpreted within the context of changes in post-SVR practice guidelines over time, which may have impacted monitoring practices. Furthermore, we were unable to ascertain the indication for liver imaging among those without advanced fibrosis. Nevertheless, this is the largest report to date on post-SVR monitoring in an underserved population and highlights that while still suboptimal, a significant proportion of our higher risk patients remained engaged in care after cure.
In conclusion, we show that while many remain engaged with HCV care posttreatment, there are gaps in disease monitoring and HCC screening in the underserved population with advanced fibrosis following cure. Although DAA therapies have revolutionized rates of HCV cure, adverse patient outcomes (e.g., HCC) can occur in those at risk within a short period of time after SVR. Addressing gaps in post-SVR monitoring in patients with advanced fibrosis are critical to reducing the burden of HCV disease, especially as HCV therapy expands to nonspecialty settings. Our findings also highlight the need for broader dissemination of post-SVR monitoring guidelines to enhance the assessment of liver disease severity prior to therapy and to subsequently tailor disease monitoring and harm reduction after cure among patients with advanced fibrosis.
